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[57] ABSTRACT 

A disk brake in which the brake is assembled with the 
thickness of the available wear portions of a first group 
of disks being different from the thickness of the avail- 
able wear portions of a second group of disks. After a 
predetermined number of brake applications, the first 
group of disks is replaced by a third group of disks. At 
the time of replacement, the thickness of the available 
wear portions of the third group of disks is greater than 
the thickness of the available wear portions of the sec- 
ond group of disks so that after another predeterrnined 
number of brake applications the second group of disks 
may be replaced by another group of disks. By main- 
taining disks of different thicknesses of the available 
wear portions, the piston travel is reduced and the size 
and weight of the brake may be reduced while at the 
same time the heat sink mass of the worn disks is not 
reduced excessively and worn brake operating tempera- 
tures are lowered. 

4 Claims, 3 Drawing Sheets 
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DISK BRAKE ASSEMBLY 

This is a continuation of application Ser. No. 874,979 
Hied June 16, 1986, now abandoned, which is a division 5 
of application Ser. No. 627,364, filed July 2, 1984, now 
U.S. Pat No. 4,613,017. 

BACKGROUND OF THE INVENTION 

This invention relates to disk type brakes and espe- 10 
daily to aircraft brakes utilizing carbon brake disks.. 
These brakes have been assembled with the available 
wear portions of the stator and rotor disks having the 
same thickness. The brakes have then been operated 
until all the disks are fully worn at which time the disks 15 
are removed and refurbished or reworked to replace the 
available wear portions. The brakes are then reassem- 
bled with the refurbished or new disks having the same 
thickness of available wear portions. With this construc- 
tion the heat sink mass is reduced by the total amount of 20 
wear of all the disks. This is not desirable because the 
heat sink mass must be above a certain level to hold the 
operating temperature down. The size and weight of 
brakes are limited on an aircraft and therefore the thick- 
ness of the available wear portions of the disks is also 
limited. This controls the number of landings between 
the refurbishing of the disks. The piston-cylinder assem- 
blies for actuating the brakes also have a length deter- 
mined by piston travel which is a function of the total 3Q 
wear of the disks. Where the brakes are operated until 
all the disks are fully worn, the piston travel is a signifi- 
cant factor which increases the length and, accordingly, 
the weight of the piston-cylinder assemblies. 

SUMMARY OF THE INVENTION 35 

According to this invention a disk brake construction 
is provided which is assembled with the available wear 
portions of the disks having different thicknesses. The 
brake envelope is of a minimum size to accomodate the ^ 
disks. The piston-cylinder assemblies also are of a re- 
duced size with a reduced piston travel. An intermedi- 
ate overhaul is made after a predetermined number of 
landings and a portion of the disks replaced by new or 
refurbished disks. In this way, the piston travel is re- 45 
duced and the size and weight of the brake may be 
reduced while at the same time a substantial portion of 
the heat sink mass of the worn brake is retained to lower 
the operating temperatures. 

In accordance with one aspect of the invention there 50 
is provided a disk brake comprising a plurality of disks, 
the disks having available wear portions of predeter- 
mined different thicknesses, a first group of the disks 
having the available wear portions of a first thickness in 
overlapping relationship with a second group of the 55 
disks having the available wear portions of a second 
thickness, the first thickness of the available wear por- 
tions of the first group of the disks being less than the 
second thickness of the available wear portions of the 
second group of the disks so that after a predetermined 60 
number of brake applications the available wear por- 
tions of the first group of the disks are substantially fully 
worn away at an intermediate overhaul time and the 
available wear portions of the second group of the disks 
are not worn away, the first group of the disks being 65 
replaceable by a third group of the disks having avail- 
able wear portions of a third thickness and the third 
thickness being greater then the thickness of the avail- 
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able wear portions of the second group of the disks at 
the intermediate overhaul time. 

In accordance with another aspect of the invention 
there is provided a method of assembling a disk brake 
having a plurality of disks with available wear portions 
of predetermined different thicknesses comprising posi- 
tioning a first group of the disks in overlapping relation- 
ship with a second group of the disks, the first group of 
the disks having each of the available wear portions of 
a first thickness, the second group of the disks having 
each of the available wear portions of a second thick- 
ness, the first thickness of each of the available wear 
portions of the first group of the disks being less than 
the second thickness of each of the available wear por- 
tions of the second group of the disks, replacing the first 
group of the disks with a third group of the disks at an 
intermediate overhaul time when the available wear 
portions of the first group are substantially fully worn, 
the available wear portions of each of the third group of 
the disks having a third thickness greater than the thick- 
ness of each of the available wear portions of the second 
group of the disks at the intermediate overhaul time. 

The accompanying drawings show one preferred 
form and a modification made in accordance with and 
embodying this invention and are representative of how 
this invention may be practiced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

FIG. 1 is an axial elevational view of a tire and rim 
assembly showing the wheel and brake from the axle 
mounting side. 

FIG. 2 is a fragmentary schematic sectional view 
taken along the line 2—2 in FIG. 1, showing a prior art 
heat sink brake with new unworn disks. 

FIG. 3 is a view like FIG. 2 showing the disks in the 
fully worn condition. 

FIG. 4 is a view like FIG. 2 showing a brake with the 
same size brake envelope, but with disks assembled in 
accordance with the method and construction of this 
invention. 

FIG. 5 is a view like FIG. 3 showing the brake of 
FIG. 4 at the intermediate overhaul time ready for 
replacement of one group of fully worn disks. 

FIG. 6 is a view identical to FIG. 2 showing a prior 
art brake with the unworn disks mounted in the brake 
envelope. 

FIG. 7 is a view like FIG. 5 of a modification em- 
bodying the invention having a shorter brake envelope 
and being in condition for replacing the fully worn disks 
with refurbished or unworn disks at an intermediate 
overhaul time. 

FIG. 8 is a view like FIG. 7 showing the brake after 
the fully worn disks have been replaced with the un- 
worn disks. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a wheel and brake assembly 10 is 
shown in which a rim 12 supports a tire 14. The wheel 
and brake assembly 10 is of a type used for an aircraft 
and may have a prior art disk brake 16 positioned be- 
tween the rim 12 and a stationary axle 18. 

The disk brake 16 includes a torque frame 20 which 
may be fastened to a torque flange 22 mounted on the 
axle 18 by bolts and nuts 24. Hydraulic piston-cylinder 
assemblies 26 are supported on the torque frame 20 at 
circumferentially spaced-apart positions around the axle 
18. A torque tube 28 is mounted on the torque frame 20 
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and has axially extending splines 30 for sliding engage- 50. Also, the heat sink mass of the stators 46, end plate 

ment in slots (not shown) in a first group of disks such 48 and rotors 50, shown in FIG. 4, is 100 pounds (45.4 

as stators 32 and end plates 34. Positioned between the kg) whereas the heat sink mass of the same disks in FIG. 

stators 32 is a second group of disks such as rotors 36 5 at the intermediate brake overhaul time is 73 J pounds 

having slots for sliding engagement with axially extend- 5 (33.29 kg) which represents a loss of 26§ pounds (12. 1 1 

ing lugs 38 (shown in FIG. 1) mounted on the rim 12. kg) with a disk brake 44 having the same brake envelope 

Pistons 40 of the piston-cylinder assemblies 26 engage as the prior art disk brake 16. 

one of the end plates 34 and a caliper member 42 at- In accordance with this invention the fully worn 
tached to the torque tube 28 for engagement with the stators 46 and end plates 48, shown in FIG. 5, are re- 
other of the end plates 34. 10 placed at the intermediate brake overhaul time by new 

The prior art disk brake 16, shown in FIGS. 2 and 3, or refurbished stators and end plates with each of the 
has the same length brake envelope as disk brake 44 available wear portions having a thickness of 0.4 inches 
embodying the invention and shown in FIGS. 4 and 5. (1.02 cm). In the embodiment shown in FIGS. 4 and 5, 
Those parts which are the same in disk brake 44 as in the the intermediate brake overhaul time is after 2,000 land- 
prior art disk brake 16 will be given the same numerals 15 ings and the stators 46, end plates 48 and rotors 50 are 
with a single prime symbol to indicate they are the also refurbished after 4,000 landings after each brake 
same. Those parts in the disk brake 44 embodying the overhaul time. This compares with the prior art brake 
invention which are similar but are not the same as the 16 of FIGS. 2 and 3 where the brake is overhauled at 
parts in the prior art disk brake 16 will be identified by 3,000 landings and the stators 32, end plates 34 and 
new numbers. Referring to FIGS. 4 and 5 the first 20 rotors 36 are refurbished after 3,000 landings, 
group of disks such as stators 46 and end plates 48 have It can therefore be seen that with the method and 
slots for slidable engagement on the splines 30'. A sec- apparatus of the disk brake 44 of this invention shown in 
ond group of disks, such as rotors 50, are positioned FIGS. 4 and 5, the number of landings provided by each 
between the stators 46 and are slidably mounted on lugs of the disks is increased by 33 J % from 3,000 to 4,000. 
38'. A piston 52 of one of the piston cylinder-assemblies 25 The heat sink mass is maintained at 73 J pounds, (33.29 
26' engages one of the end plates 48 and caliper member kg) an increase of 13 J pounds (6.04 kg) over the worn 
42' engages the other of the end plates 48. heat sink mass of the prior art brake 16, shown in FIG. 

Referring to the prior art construction of FIG. 2, the 3, and the piston travel P2 is reduced by one third. This 

stators 32 and end plates 34 may be carbon brake disks is all done with the method and apparatus of this inven- 

having a total thickness of approximately 1.6 inches 30 tion within the same brake envelope and with only the 

(4.06 cm) with an available wear portion on each side extra operation of replacing worn disks at an intermedi- 

(or on one side of the end plates 34) having a thickness ate overhaul time after 2,000 landings, 

of about 0.30 inches (0.76 cm). The rotors 36 may also The prior art brake 16 is shown again in FIG. 6 on the 

be of a similar construction and thickness. During oper- same page with FIGS. 7 and 8 showing the first modifi- 

ation of the prior art disk brake 16 brake applications 35 cation of the present invention to illustrate the differ- 

are made at each landing of the aircraft until all the ence in the length of the brake envelope between the 

available wear portions are worn off the stators 32, end caliper 42 and the piston 40 in FIG. 6, and the length of 

plates 34 and rotors 36 at which time the piston 40 has the brake envelope shown in FIG. 8 between the caliper 

a piston travel Pi as shown in FIG. 3. The heat sink 54 and the piston 56. In FIGS. 7 and 8, a modified disk 

mass of the unworn stators 32, end plates 34 and rotors 40 brake 58 is shown with the parts that are the same as the 

36 shown in FIG. 2 is 100 pounds (45.4 kg), whereas the parts of the prior art disk brake 16 indicated by the same 

heat sink mass of the fully worn stators 32, end plates 34 number and a double prime symbol, 

and rotors 36, shown in FIG. 3, is 60 pounds (27.24 kg). Referring to FIG. 7, the brake 58 is shown after a 

This represents a loss of 40 pounds (18.16 kg) in heat predetermined number of landings at the intermediate 

sink mass. 45 overhaul time, which in this case is one-half the landings 

Referring to the brake 44 embodying the invention for the prior art brake 16 shown in FIG. 6. The stators 

shown in FIGS. 4 and 5, the second group of disks or 32" and end plates 34" have substantially fully worn 

rotors 50 are carbon brake disks having a total thickness available wear portions and the rotors 36" have avail- 

of 1.8 inches (4.47 cm) with an available wear portion of able wear portions which are one-half worn. The piston 

0.40 inches (1.02 cm) on each side of the unworn disks. 50 throw P3 is one-half the piston throw Pi of the brake 16 

The end plates 48 and stators 46 are carbon brake disks shown in FIG. 3. The heat sink mass is 70 pounds (31.78 

like the rotors 50, except that the available wear por- kg) as compared to 60 pounds (27.24 kg) in the brake 16 

tions are partially worn and may be one-half worn with shown in FIG. 3. 

a thickness of 0.2 inches (0.51 cm). At the intermediate overhaul time of the brake 58, 

Referring to FIG. 5, the brake 44 is shown at an 55 illustrated in FIG. 7, the stators 32" and end plates 34" 

intermediate overhaul time after a predetermined num- are replaced by new or refurbished disks with unworn 

ber of brake applications or landings. The available available wear portions. Referring to FIG. 8, the rotors 

wear portions of the end plates 48 and stators 46 have 36" have available wear portions with a thickness 

been substantially fully worn away and the available which is one-half the thickness of the unworn wear 

wear portions of the rotors 50 have been partially worn 60 portions of the stators 32" and end plates 34". Also, the 

and may be one-half worn. The piston travel P2, as heat sink mass of the disks, shown in FIG. 8, is 90 

shown in FIG. 5, is less than the piston travel Pi and pounds (40.86 kg) which is only 10 pounds (4.54 kg) less 

may be two-thirds the piston travel Pi of the prior art than the heat sink mass of the disks of the prior art brake 

brake 16 shown in FIGS. 2 and 3. 16, shown in FIG. 6. With the prior art brake 16, the 

In a preferred embodiment of the brake 44, shown in 65 loss in heat sink mass is 40 pounds (18.16 kg) as opposed 

FIGS. 4 and 5, the first thickness of the available wear to only 20 pounds (9.08 kg) with the brake 58 in the 

portions of the end plates 48 and stators 46 is one-half condition shown in FIG. 7. The piston travel P3 of the 

the thickness of the available wear portions of the rotors brake 58 is one-half of the piston travel Pi of the prior 
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art brake 16, shown in FIG. 6. This reduction in piston 
travel plus the reduction in length of the brake envelope 
decreases the weight of the brake and the space re- 
quired for the brake. The disks of the brake 58 are us- 
able for 3,000 landings before refurbishment is neces- 5 
sary and the number of landings between intermediate 
brake overhaul times is maintained at 1500. 

In the operation of the brakes 44 and 58, shown in 
FIGS. 4, 5, 7 and 8, the same method may be followed. 
A summary of that method is set forth for the embodi- 10 
ment of FIGS. 4 and 5, but applies to the embodiment of 
FIGS. 7 and 8 as well. Referring to FIG. 4, the brake 44 
has been assembled by positioning a first group, such as 
stators 46 and end plates 48 in overlapping relationship 
with a second group of disks such as rotors 50. The 15 
stators 46 and end plates 48 have available wear por- 
tions of a first thickness which is less than and prefera- 
bly one-half the second thickness of the available wear 
portions of the rotors 50. After a predetermined number 
of brake applications or landings the available wear 20 
portions of the stators 46 and end plates 48 will be sub- 
stantially fully worn and these are then replaced by a 
third group of disks such as new or refurbished stators 
and end plates which have available wear portions with 
a third thickness greater than and preferably double the 25 
thickness of the available wear portions of the rotors 50 
at the intermediate overhaul time. The brake 44 is then 
operated for a predetermined number of brake applica- 
tions or landings to another intermediate overhaul time 
when the available wear portions of the rotors 50 will 30 
be fully worn and will be replaced by new or refur- 
bished rotors to obtain the condition shown in FIG. 4. 
The fully worn stators 46, end plates 48 and rotors 50 
are refurbished after being removed from the brakes. 
They are then ready to be installed in a brake where 35 
they provide a full disk life of landings. 

In addition to the method and apparatus shown and 
described with relation to FIGS. 4, 5, 7 and 8, it is un- 
derstood that other modifications may be provided in 
which the thicknesses of the available wear portions of 40 
the brake disk are varied to obtain the advantages pro- 
vided by the above described embodiments. 

I claim: 

1. A disk brake assembly comrpising a first group of 
brake disks and a second group of brake disks in axially 45 
aligned and interleaved relationship, said disks of said 
first group being interleaved with said disks of said 
second group in alternating relationship, each of said 
disks of said first group and said second group having 
oppositely disposed wear surfaces, said first group of 50 
said disks having a first thickness, said second group of 
said disks having a second thickness, said first thickness 
of said first group of said disks being substantially less 
than said second thickness of said second group of said 
disks whereby after a predetermined number of brake 55 



applications the available wear portions of said first 
group of said disks are substantially fully worn away at 
an intermediate overhaul time and the available wear 
portions of said second group of said disks are not worn 
away wherein both sides of each of said disks of said 
first group have available wear portions which are one- 
half worn compared to the available wear portions of 
said second group, and both sides of each of said disks of 
said second group have available wear portions which 
are not worn whereby said first thickness of said first 
group of disks is one-half said second thickness of said 
second group of disks. 

2. A disk brake assembly comprising a first group of 
brake disks and a second group of brake disks in axially 
aligned and interleaved relationship, said disks of said 
first group being interleaved with said disks of said 
second group in alternating relationship, each of said 
disks of said first group and said second group having 
oppositely disposed wear surfaces, said wear surfaces 
on opposite sides of each brake disk of said first group 
are equal in thickness, said wear surfaces on opposite 
sides of each brake disk of said second group are equal 
in thickness, said wear surfaces of said first group of said 
disks having a first thickness, said wear surfaces of said 
second group of said disks having a second thickness, 
said first thickness of said first group of said disks being 
less than said second thickness of said second group of 
said disks whereby after a predetermined number of 
brake applications the available wear thickness of said 
first group of said disks are substantially fully worn 
away at an intermediate overhaul time and said avail- 
able wear thickness of said second group of said disks 
are not worn away. 

3. A disk brake assembly as set forth in claim 2 
wherein both sides of each of said disks of said first 
group have available wear thicknesses which are one- 
half worn compared to the available wear thickness of 
said second group, and both sides of each of said disks of 
said second group have available wear thicknesses 
which are not worn whereby said first thickness of said 
first group of disks is one-half said second thickness of 
said second group of disks. 

4. A disk brake assembly as set forth in claim 3 
whereby all of said disks of said first group and said 
second group are positioed in an envelope space within 
said disk brake assembly, said brake assembly having a 
piston cylinder means with an extensible piston for 
urging said disks together to provide braking, and said 
piston having a maximum piston travel relative to said 
cylinder that is a distance equal to the sum of all of said 
first thicknesses of said first group of said disks and 
one-half of all of said second thicknesses of said second 
group. 
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